Human infection with the pathogenic fungus Histoplasma capsulatum produces a wide spectrum of disease ranging from a mild respiratory illness to a progressive disseminated form. Most commonly, the infection is self-limiting and is detected by the presence of a delayed-type hypersensitivity (DTH) response to Histoplasma antigens. An effective host response that controls infection with H. capsulatum appears to require the activation of cell-mediated immune responses. Several experimental studies support this concept. First, mice treated with antilymphocyte serum or athymic mice are highly susceptible to infection with H. capsulatum (1, 37) . Second, antigen-stimulated T lymphocytes from mice immunized with H. capsulatum secrete a factor, presumably gamma interferon (IFN--y), that arms macrophages (MO) to restrict intracellular growth of yeast-phase organisms (38) . Third, T lymphocytes from immunized mice can transfer to naive mice protection against a lethal challenge with H. capsulatum, whereas B lymphocytes do not (35) .Thus, cellular immunity and, in particular, T lymphocytes play important roles in host defenses against invasion to this fungus; however, the precise mechanisms by which these cells contribute to host resistance remain poorly understood.
An important advance in cellular immunology has been the development of monoclonal populations of antigenspecific T cells that can be propagated in vitro for prolonged periods. Studies of cloned T-cell lines (TCL) have greatly enhanced our knowledge about the biological properties of T cells. To this end, we have produced TCL and cloned T cells that are Histoplasma reactive from spleens of C57BL/6 mice immunized with viable H. capsulatum yeast cells. The cloned T cells proliferate in response to histoplasmin and, in some cases, to heterologous fungal antigens. In addition, these cells mediate local DTH responses when injected with antigen into footpads of mice, they release regulatory subcutaneously with 106 viable yeast cells. Two weeks later, spleens were removed and teased apart between two groundglass slides in Hanks balanced salt solution (HBSS). After removal of tissue debris by sedimentation, cells were washed twice and suspended in RPMI 1640 containing 10% heat-inactivated fetal bovine serum (FBS), 1% nonessential amino acids, 1% L-glutamine, 1% sodium pyruvate, 5 x 1i0 M 2-mercaptoethanol, and 10 ,ug of gentamicin per ml (complete medium) at 3 x 106 cells per ml. One milliliter of cell suspension was dispensed into each well of a 24-well plate (Becton Dickinson Labware, Oxnard, Calif.), and the cells were stimulated for 4 days with a 1:500 final dilution of HKC-43. Subsequently, the cells were harvested and centrifuged over Lympholyte-M (Accurate Chemical and Scientific Corp., Westbury, N.Y.) for 20 min at 400 x g. Lymphoblasts were removed, washed once, and suspended in complete medium. To each well of a 24- The number of plaque-forming cells to SRBC was quantitated by the method of Cunningham and Szenberg (11). Statistics. The Wilcoxon rank sum test was used for statistical analysis.
RESULTS
Proliferative response by splenocytes and TCL from Histoplasma-inoculated mice. C57BL/6 mice were injected subcutaneously with 106 viable yeasts; 2 weeks later, spleen cells from immunized and control mice were tested for their responsiveness to HKC-43 in vitro. Spleen cells from mice inoculated with H. capsulatum yeasts mounted a significant response (P < 0.05) to HKC-43 versus control mice (Fig. 1) . A 1:500 dilution of HKC-43 induced optimal proliferation of spleen cells.
Two TCL, JC1 and JC2, were developed from spleen cells of immunized mice as described in Materials and Methods. After six cycles of stimulation and rest, JC1 and JC2 were assessed for reactivity to HKC-43. JC1 responded vigorously to HKC-43 in a dose-dependent manner ( Fig. 1 ). JC2 also proliferated in response to antigen, although the proliferative activity of JC2 was less than that of JC1. As with unfractionated splenocytes from H. capsulatum-immunized mice, JC1 and JC2 responded maximally to a 1:500 dilution of HKC-43.
Cloning Fig. 2 . Thus, Histoplasma-reactive cloned T cells were of the helper/inducer phenotype.
Antigen specificity of TCL and cloned T cells. The proliferative response by the TCL and 12 clones to HKC-43 and to a battery of heterologous antigens was examined to determine the antigen specificity of these T cells. Several points emerged from these studies. First, in contrast to the parent lines, all cloned T cells responded optimally to a 1:100 dilution of HKC-43 rather than to a 1:500 dilution (data not shown). Second, both B-ASWS and C-ASWS induced proliferation of the TCL, although the response to these antigens was much less than that of the response to HKC-43 (Table 1) . Third, the proliferative activity of cloned T cells to heterologous fungal antigens varied widely. Of the eight clones presented in Table 1 Mediation of local DTH by cloned T cells. Cloned T cells were injected with or without HKC-43 into footpads of C57BL/6 mice, and footpad swelling was measured 24 h later. All cloned T cells assayed conferred local DTH reactivity when injected with HKC-43 (Table 4 ). In addition, the percent increase (mean ± standard error) in footpad swelling to HKC-43 alone (7 ± 1%) was similar to that of T cells in HBSS. Histopathologic examination of footpads from mice inoculated with T cells suspended in HKC-43 revealed a heavy infiltration of both polymorphonuclear leukocytes and monocytes in a ratio of 2:1. Furthermore, there was mild perivascular invasion by both polymorphonuclear leukocytes and monocytes. This histological picture resembles the DTH reaction to polysaccharides in mice (27) .
IL-2 production. TCL and cloned T cells were incubated with or without HKC-43, and supernatants from these cultures were assayed for IL-2 activity. The kinetics of IL-2 production by JC1 and JC2 are illustrated in Fig. 3A . At 6 h, IL-2 activity was detectable in culture supernatants of the antigen-stimulated TCL; peak IL-2 activity was measured at 24 h. Thereafter, little or no IL-2 was contained in culture supernatants. Unstimulated JC1 and JC2 did not secrete measurable levels of IL-2 (Fig. 3A) . Ten of 12 clones produced measurable amounts of IL-2 in response to HKC-43; results from 8 clones that secreted IL-2 are presented in Table 5 . Production of this lymphokine was vari- able. Culture supernatant from antigen-stimulated 1.03C11 increased [3H]thymidine incorporation by CTLL-2 cells only 6-fold above medium control, whereas supernatant from antigen-stimulated 1.3G4 enhanced this incorporation by 85-fold. That 2 of the 12 clones failed to release detectable levels of IL-2, yet could proliferate in response to HKC-43, suggests that these T cells utilized all of this essential T-cell growth factor as rapidly as they generated it.
IFN production. The kinetics of IFN generation by JC1 and JC2 after HKC-43 stimulation differed from that of IL-2 production by these cells. IFN production by JC1 was maximal at 48 h and increased gradually thereafter (Fig. 3B) , whereas IFN generation by JC2 peaked at 48 h and then declined. Interestingly, IFN activity in culture supernatants from unstimulated JC2 cells was similar to that of supernatants from antigen-stimulated JC2 cells at or beyond 24 h of culture. Data from 8 of 12 clones are presented in Table 5 . Supernatants from all unstimulated clones except 1.03C11 contained detectable IFN activity. Stimulation of clones with HKC-43 enhanced IFN generation by 3-to 27-fold.
Effect of supernatants from antigen-stimulated T-cell clones on intracellular growth of H. capsulatum. Additional experiments were conducted to determine if lymphokinecontaining supernatants from clones could stimulate peritoneal M4X to inhibit intracellular growth of yeast-phase H. capsulatum. Supernatants from 48-h cultures of unstimulated or antigen-stimulated T-cell clones were harvested and tested at a 1:2 dilution. Supernatants from all antigenstimulated clones sharply reduced intracellular growth of yeasts. The results for two clones are shown in Table 6 .
Supernatants from antigen-stimulated T-cell clones were studied further to characterize partially the factor(s) responsible for arming M+. The activity of the factor(s) was abrogated by acid treatment but was unaffected by heat ( (18, 24) , parasites (21, 18) , and viruses (8, 15) . In the present investigation, we have used the T-cellcloning methodology to isolate cloned T cells that recognize Histoplasma antigens. Our findings, therefore, extend to fungi the range of antigen-specific cloned T cells that are reactive with antigens derived from pathogens. Histoplasma-reactive TCL and cloned T cells were characterized in the absence of HKC-43. Thus, these clones were dual reactive in that they responded to nominal antigen in the context of H-2 I-A compatibility and to alloantigens on the surface of accessory cells. Others also have isolated T-cell clones that are dual specific; in the absence of antigen, these alloreactive clones recognize allogeneic class I or class II major histocompatibility complex-encoded molecules of Mls antigens, which are non-H-2 alloantigens (17, 32, 36) . In studies that have examined large numbers of T-cell clones for responsiveness both to nominal antigen in the context of self-major histocompatibility complex and to alloantigens alone, the percentage of alloreactive clones has ranged from 18 to 61% (23; reviewed in reference 3). The frequency of alloreactive T-cell clones among Histoplasma-specific clones is in accord with the previous investigations, but the true frequency may be greater than reported because only five allogeneic stimulators were used.
To conclude that a single T cell expresses dual reactivity requires that the population being analyzed be monoclonal. It is conceivable that if the T-cell population is polyclonal, one T-cell subpopulation may react to alloantigen and another may react to HKC-43. This seems unlikely since the probability of clonality of Histoplasma-specific T-cell clones was >95%. These results confirm the finding that a single T-cell population may recognize both nominal antigen and alloantigen.
H. capsulatum-reactive TCL and most cloned T cells produced measurable levels of IL-2 in response to HKC-43, and they also elaborated IFN following stimulation with antigen. In the absence of antigen, JC2 and all but one clone also secreted detectable levels of IFN. Generation of multiple lymphokines by monoclonal populations of T cells has been described previously (21, 25) . Indeed, Prystowsky et al. (25) detected 10 different lymphokine activities in culture supernatants from a single clone stimulated with antigen. In this study, supernatants from cloned T cells were assayed directly for two lymphokines. However, it is probable that clones secreted several factors since they exerted helper activity in vitro. In this regard, antibody formation has been shown to require the collaboration of several lymphokines including IL-2, B-cell growth factor, T-cell replacing factor, and colony-stimulating factor (14) .
Supernatants from antigen-stimulated clones contained a factor(s) capable of arming M4) to restrict intracellular growth of H. capsulatum, and this lymphokine is similar to a previously described factor produced by splenic T cells from mice immunized with H. capsulatum (38) . Partial characterization of the factor secreted by clones that mediates this activity revealed it to be acid labile, but heat stable. Addition of anti-IFN-a/B antiserum to culture supernatants did not alter the capacity of the factor to arm M+. Thus, the factor(s) in supernatants shares some characteristics with IFN--y, although reports have differed concerning the heat stability of IFN--y. Some have reported that murine IFN-y is heat stable, whereas others have found it to be heat labile (26, 33) . Nevertheless, the acid lability of this lymphokine in conjunction with the failure of anti-IFN-a/p to block its effect strongly suggests that IFN-y is at least partially responsible for stimulating M4~to restrict fungal growth. The recent finding that M4-activating factors distinct from IFN--y are produced by human T-cell clones also raises the possibility that IFN-y is not the only factor in culture supernatants that can stimulate M4P to exert anti-Histoplasma activity (2) .
The release of soluble mediators by cloned T cells thus may represent an important mechanism by which these cells contribute to acquired resistance to infection with H. capsulatum. Secretion of IL-2 in response to antigen may lead to cellular activation and expansion of antigen-reactive cells (29) . Generation of IFN, especially IFN--y, may enhance the antifungal activity of MX and may augment antigen recognition by T cells by increasing Ia antigens on the surface of accessory cells (33) . The availability of T-cell clones that recognize Histoplasma antigens will facilitate the confirmation or refutation of these hypotheses. In addition, isolation of T-cell clones will provide the foundation for identification of a receptor for H. capsulatum on T cells and for the creation of anti-idiotypic antibodies to the T-cell receptor that may be useful in disease prevention.
